


























































Insulation 

Several insulation systems for the transmission pipeline 

have been considered. Pipe can be purchased as a preinsulated 

system, or can be insulated after it is installed. The 

insulation systems have been compared by summing the material 

costs, installation cost, and heat loss cost. The preinsulated 

pipe appears to be slightly less expensive than the other 

alternatives. Spray-on urethane insulation was not considered, 

due to the difficulty in controlling the quality of installa­

tion and the potential for moisture penetrating the insulation. 

The optimum insulation thickness has been determined by 

calculating the heat loss per unit length of pipe for various 

insulation thicknesses, and calculating the marginal benefit 

of increasing the insulation thickness. The optimum thickness 

is approximately 2 inches of insulation having a thermal 

conductivity of 0.015 Btu/ft hr°F (0.027 W/m °C). 

Relative annual preinsulated pipeline costs are shown 

in Figure 2, including the cost of pipeline materials, 

required corrosion protection systems, and insulation costs. 
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Heat Loss 

The annual revenue lost due to heat loss from the 

geothermal pipeline have been estimated using the following 

equation: 

ln ( ~~ ))-l Pg 

wheres= 4~ks ---------------·-----
ln t 8 (N /D) 2 -1 ] + 4 (N /D) ~ 4 (N/D) 2 -1 ] 

References 7 and 8 present detailed discussions of heat 

loss from underground pipeline systems. 

Heat loss from a district heating system represents 

lost revenues to the system. Figure 3 shows the annual lost 

revenue for various rate_s charged for the geothermal water. 

The payback periods for insulating the transmission pipe­

lines are shown in Table 2. 

14 



e e -
0.50 

I 

ASSUMPTIONS 

• 170°F GEOTHERMAL WATER 
• 2-INCH INSULATION 

0.401 • INSULATION THERMAL CONDUCTIVITY O. lB BTU·IN 

• PIPELINE BURIED 4-FT IN SOIL FT 2• HR •°F -
LL. 

...J 

' .... - 0.30 
LL.I 
::::> 
z: 
LL.I 
> 
LL.I 
a: 
I-

1-,.J I ~ VI c, 0.20 ...J 

...J 
oC 
::::> 

~ 
< 

0. 10 

2 4 6 B 10 12 14 16 

PIPE DIAMETER ( INCHES) 

ANNUAL LOST REVENUE DUE TO PIPEL.:INE HEAT LOSS 

FIGURE 3 



Table 2 
PAYBACK PERIOD FOR INSULATING 

GEOTHERMAL TRANSMISSION PIPELINES 

Payback, Years 
Geothermal Water Rate, 

Pipe Size $/therm 
Inches 0.20 0.30 0.40 

8 8.7 5.8 4.4 

10 10.0 6.7 5.0 

12 10.9 7.3 5.5 

14 14.1 9.4 7.0 

16 13.9 9.3 7.0 

Assurnetions 

o 170°F geothermal water 

o 2-inch insulation 

o insulation thermal conductivity is 
0.015 Btu/ft hr °F 

o pipeline buried 4 feet in soil 
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• Pumping 

The annual cost of pumping, per unit length of pipe, 

has been calculated using the following equation. A pumping 

efficiency of 60 percent, electrical cost of $0.04/kWh, and 

2,190 hours of operation were assumed. 

cp = (0. 288 ) (gpm) 2.85 (D)-4.87 (C) -1.85 

The results for various flow rates, pipe diameters, and 

friction coefficients are shown in Figure 4. 

Total Pipeline Costs 

The total discounted present worth costs for cast iron, 

steel, asbestos-cement and FRP pipelines have been calculated 

including the cost of pipeline materials, corrosion protection, 

insulation and heat loss, and pumping costs, as discussed 

above. 

The analysis assumed a system life of 30 years, an 

inflation rate for the cost of electricity of 4 percentage 

points greater than the general inflation rate, and a discount 

rate of 2 percentage points less than the general inflation 
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• rate. It was assumed that the inflation rate for the geo­

thermal water rates would be approximately equal to the 

market discount rate. This determines a conservatively high 

rate, since the fixed costs (e.g., depreciation, debt service, 

etc.) of the system are equal to approximately half the 

total revenue requirements for the system. 

The results indicate that, for pipeline diameters 

between 8 and 16 inches (.20 and .41 m), preinsulated asbestos­

cement or ductile iron pipelines would be most economical 

over the lifetime of the proposed system. 

Production Pump Stations 

The stations used for pumping the geothermal water will 

be similar to those designed for municipal water systems. A 

deep well vertical turbine pump will draw water from the 

geothermal well and discharge directly into the transmission 

pipeline. Due to the relatively low flows and utilization 

factors involved, the flow will be controlled by throttling 

the discharge flow of the pumps. 
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Water Disposal 

The options for disposal of the geothermal water in 

Boise are generally as follows: 

o Disposal to the Boise River 

o Discharge to irrigation canals 

o Disposal by injection back into the geothermal 

water aquifer 

o Disposal into deep wells 

A comprehensive review of these options is currently 

being carried out. Final system design will depend upon the 

outcome of this review. 

ECONOMICS 

A preliminary system economic analysis has been performed, 

and is summarized in Table 3. The results are based upon 

conceptual design cost estimates. As discussed in Refer-

ence 1, the proposed Boise geothermal district heating 

system will most likely be owned and operated by Boise City, 
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• Table 3 
BOISE CITY RATE COMPARISON 

System Cost of Service 
Capacity $ per $ per 

(gpm) 100 ft3 Useful Therma 

1. Public OWnership 2,000 0.75 0.24 
DOE cost-share 

2. Public Ownership 2,000 1.50 0.49 
No DOE cost-share 

3. Private Ownership 2,000 0.96 0.31 
DOE cost-share 

4. Private Ownership 2,000 2.80 0.91 
No DOE cost-share 

a Assumes a 50°F useful temperature drop in geothermal water. 
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and will be partially funded by DOE under a cost-sharing 

agreement. The economic analysis was carried out for four 

options, to provide a basis for comparison: 

1. Public ownership of the system built with DOE 

cost-share funding. 

2. Public ownership of the system built without DOE 

cost-share funding. 

3. Private ownership of the system built with DOE 

cost-share funding. 

4. Private ownership of the system built without DOE 

cost-share funding. 

A total revenue requirement was calculated for each 

option, including operating and maintenance expenses, depre­

ciation, debt service, taxes, and a return on the rate base. 

The DOE cost-share portion of the project was not considered 

part of the rate base. However, it was used as part of the 

total investment within the cost base used to calculate 

depreciation. This policy is considered prudent financial 

management, because system revenues then include a pro~ision 
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• for depreciation which the City can use to continually 

upgrade the system and replace portions of the system as 

they wear out. 

Overall economics of the geothermal district heating 

system will depend upon the rate charged for the geothermal 

water, and the cost of retrofitting existing buildings to 

use geothermal water for space heating. 

The cost of retrofitting commercial buildings for 

geothermal space heating is difficult to characterize. 

Several previous studies314 have developed these costs in 

detail for 15 buildings currently using hot water for heating 

that might be served by the system. The retrofit cost, in 

1980 dollars, is approximately $0.015/Btu/hr ($0.004/W). 

Assuming a heat loss rate from the building of 30 to 50 Btu/hr 

ft 2 (95 to 158 W/m2 ) this corresponds to a retrofit cost of 

$0.45 to $0.75 per square foot (4.8 to 8.1 $/m2 ). This 

compares favorably with values that have been calculated 

previously9 for apparently similar typical systems. 

Figure 5 shows estimated payback periods for various 

retrofit costs, given the following assumptions: 

o Cost of heating fuel currently used is $.60/useful 

therm, inflating at a rate of 17 percent per year. 
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o Cost of geothermal water will inflate at a rate of 

8 percent per year. 

o Retrofit costs payed for by a 20-year loan. 

CONCLUSION 

The preliminary design for a Boise geothermal district 

heating system indicates that the system is technically and 

economically feasible. 
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